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SUMMARY AND CONCLUSIONS 
1. A satisfactory method was developed for the isolation of 
acid-proteolytic streptococci from dairy products. The organ-
isms were found in milk and various derivatives of it, but 
always comprised only a r elatively small percentage of the total 
flora; they were most regularly isolated from ripened cheddar 
cheese. 
2. Litmus milk was reduced by some cultu·res before co-
agulation and by others after coagulation. The latter, from 
the standpoint of reduction, are comparable to Streptococcus 
lactis var. anoxyphilus. The acid-proteolytic streptococci coagu-
lated milk by enzyme action rather than by the formation of 
acid. The titratable acidities of 15 cultures at the time of co-
agulation averaged 0.27 percent, while the pH values averaged 
5.90. 
3. The general characters of the 101 cultures studied were 
found to be identical, except for the rapidity of reduction of lit-
mus milk and the fermentation of sucrose. The organisms were 
identified as Streptococcus liquefaciens Orla-Jensen. 
4. When incubated 7 days at 21 0 C., the 101 cultures varied 
widely in the production of volatile acid, carbon dioxide and 
acetylmethylcarbinol in skimmilk. Diacetyl was not produced 
by any of a number of cultures investigated. Volatile acid 
production was not correlated with the fermentation of sucrose 
or the rapidity of reduction of litmus mille The production of 
carbon dioxide and acetylmethylcarbinol did not vary directly 
with the volatile acid produced; although high carbon dioxide 
and acetylmethylcarbinol production t ended to accompany high 
volatile acid production, considerable intergradation existed. 
The production of volatile acid, carbon dioxide and acetyl-
methylcarbinol was generally lower at 37 0 C. than at 21 0 C. 
5. With an incubation of 7 days at 21 0 C., the addition of 
0.2 (or in a few cases 0.4) percent citric acid to skimmilk at 
the time of inoculation generally resulted in a decreased vola-
tile acid production with the 39 cultures studied, although an 
occasional culture gave a definite increase. The production of 
acetylmethylcarbinol was increased by the addition of 0.2 per-
cent citric acid with 9 of the 33 cultures employed, 4 of the in-
creases being significant. The four cultures giving the signifi-
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cant increases were the ones that gave an increased production 
of volatile acid with added citric acid. 
6. With an incubation of 7 days at 21°C., the addition of 
0.15 ml. of acetaldehyde to 300 ml. of skimmilk at the time of 
inoculation generally resulted in a decreased volatile acid pro-
duction with the 33 cultures studied, while the addition of 
either 0.15 or 0.18 ml. of acetaldehyde increased the yield of 
acetylmethylcarbinol with 6 of the 24 cultures employed, 3 of 
the increases being striking. In a study of two cultures that were 
known to give an increased production of acetylmethylcarbinol 
on the addition of acetaldehyde to skimmilk cultures, the time 
of adding the aldehyde was found to have a pronounced effect, 
the highest production being obtained when the aldehyde was 
added 14 or 16 hours after inoculation, tather than either earlier 
or later. 
7. The neutralization of two well ripened cultures to about 
the original acidity of the milk and subsequent incubation at 
21 ° C. resulted in a slightly increased acetylmethylcarbinol pro-
duction rather than in a destruction of the product. None of 
the five. cultures studied produced 2,3-butylene glycol. 
8. Either d lactic acid or d and i acid was produced by the 
] 5 cultures examined. 
9. Butterfat and cottonseed oil were not hydrolyzed by the 
101 cultures while tripropionin and tributyrin were hydrolyzed 
by some cultures and not by others. 
10. The four cultures studied were found to greatly increase 
the soluble nitrogen ,in milk. Amino nitrogen was significantly 
increased as well as the fractions soluble in trichloracetic acid 
and the fractions soluble and insoluble in ethyl alcohol or phos-
photungstic acid. Proteolysis was largely complete after a 
comparatively short incubation period. The distribution of the 
soluble nitrogen into various fractions was practically the same 
with the different cultures and was essentially the same at 37° 
and 21° C. 
11. S. liquefaciens lived in cultures much longer than S. 
lac tis. It remained viable at about 5° C. over a long period of 
time. 
12. Resistance to heat was found to vary considerably with 
the culture used and with its age. All six of the cultures studied 
were killed in 40 minutes at 65.6° C. 
Classification of the Organisms Important III 
Dairy Products l 
I. Streptococcus /iquefaciens 
By H. F . LoNG AND B. W. HAMl\1En 
The protein of milk is attacked by many species of bacteria. 
The extent of the proteolysis varies greatly with the organisms 
bringing about the change. With some species proteolysis is 
clearly evident from the appearance of the milk, while with 
others it can be detected only by chemical analysis. 
Many of the streptococci that grow rapidly in milk have no 
conspicuous action on the milk protein and if proteolysis oc-
curs it is detectable only by chemical methods. There are strep-
tococci closely related to Streptococcus lactis, both culturally and 
morphologically, however, which form an exception to the usual 
rule and are characterized by an ability to coagulate milk and 
then bring about extensive digestion. The coagulation is due to 
a sweet curdling enzyme, but there follows a rapid production of 
acid and cultures contain comparatively large amounts of acid 
before proteolysis is evident from the appearance of the milk. 
The streptococci are thus typically acid-proteolytic types. 
STATEMENT OF PROBLEM 
The studies herein reported were undertaken to determine the 
gener al relationships of a number of cultures of acid-proteolytic 
streptococci isolated from dairy products. Special attention was 
given to the changes produced in milk by the organisms, since 
these changes are relatively extensive and may be of importance 
from the standpoint of desirable or undesirable fermentations in 
various milk derivatives. 
HIS'fORICAL 
In 1894 von Freudenreich (28 ) isolated an organism from 
bitter cheese and named it Micrococcus casei amari. The organ-
ism was somewhat oval in form, having a diameter a little less 
than 1 micron, weakly motile, and liquefied gelatin rapidly . In 
an agar stab growth followed the line of inoculation and was 
very slight on the surface of the agar. The organism digested 
milk after coagulating it. At 37° C. milk was coagulated and 
slightly bitter after 24 hours and the bitterness became very pro-
nounced after 48 hours. At 20° C. the action on milk was slowed, 
1 Pl'o ject No. 119 of the Iowa Agricultural Experiment Station. 
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neither coagulation nor bitterness being evident after 24 hours; 
however, the milk was both coagulated and bitter after 48 hours. 
MacCallum and Hastings (19), in 1899, isolated an organism 
from a case of acute endocarditis and designated it Micrococcus 
zymogenes. It decolorized litmus milk within 4 hours after in-
oculation and coagulated the milk within 24 hours through 
the action of a rennin-like enzyme; then softening and liquefac-
tion of the curd took place. On agar slopes a profuse, thin, 
somewhat moist, glistening, almost colorless growth developed. 
The cells were extremely minute, often somewhat elongated or 
elliptical, and occurred most frequently in pairs and short 
chains. The investigators noted especially that in the pairs and 
short chains the longer axis of the coccus was often transverse 
to that of the pair or chain. The organism was pathogenic for 
white mice but not for guinea pigs, white rats, pigeons or rabbits. 
Since the work of MacCallum and 'Hastings, the organism 
which they designated M. zymogenes has apparently been iso-
lated by various investigators. Harris and Longcope (11) re-
ported five isolations. One culture was secured from a cesspool 
and the remaining four in autopsies on persons who had died of 
various causes; in none of the cases was the organism considered 
to be responsible for death. Birge (1) isolated a culture, which 
appeared to be M. zymogenes, from a crow. Hicks (12) con-
cluded that an organism isolated by him from a case of malignant 
endocarditis was identical with that obtained by MacCallum and 
Hastings. He described the culture as a gram. positive, non-
motile Micrococcus, occurring singly, in pairs, masses and chains, 
and producing a thin, slightly elevated, moist, grayish growth 
on agar. At 37° C. litmus milk was rapidly decolorized and 
within 24 hours was curdled with a bluish layer at the top. 
Softening and liquefaction, with the acquisition of a red tinge, 
progressed day by day until there was a red stained precipitate 
at the bottom of the tube and a clear, reddish, supernatant liquid 
above. The organism was slightly pathogenic for white mice and 
not at all pathogenic for guinea pigs. The occurrence of M. 
zymogenes in a case of malignant endocarditis was also noted by 
Crowe (3). 
Rogers and Dahlberg (22) made a study of the streptococci 
present in milk. They found that most of the liquefying strep-
tococci came from the udder. The type which liquefied gelatin 
was able to ferment glucose, sucrose, lactose, mannitol, and us-
ually glycerol. 
Orla-Jensen (21) studied a number of bacterial cultures that 
liquefied gelatin and proteolyzed milk and designated them Stt'ep-
tococcus liquefaciens. He pointed out that the first isolation of 
an organism of this type was made by von Freudenreich (28). A 
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culture obtained from von Freudenreich was included in those 
studied and it had a Micrococcus-like appearance on agar streaks. 
S. liquefaciwns was considered by Orla-Jensen to be similar in 
cultural and morphologic respects to Streptococcus glycerinaceus, 
the outstanding difference being that the former liquefied gelatin 
and proteolyzed milk while the latter did not. 
Torrey (25), in 1926, reported the occurrence in fecal speci-
mens of a gram positive diplococcus which he considered to be 
identical with M. zymogenes of MacCallum and Hastings. The 
organism produced an acid curd in milk in 24 hours. Digestion 
of the curd began within 1 to 3 days and continued for approxi-
mately a week, when the quantity of the curd was greatly re-
duced. Gelatin was completely liquefied in 7 to 14 days. Glu-
cose, lactose, maltose, mannitol and salicin were fermented by 
most strains, while the action on sucrose was variable. The or-
ganism was repeatedly found in relatively large numbers in fecal 
specimens from 8 of 132 persons with abnormal intestinal condi-
tions but was not found in specimens from normal persons. 
Hucker (13) studied the cocci surviving pasteurization in the 
milk supplied to Copenhagen, Denmark and noted that S. lique-
faciens was able to withstand an exposure of 61.1 0 C. for 30 
minutes. 
The ability of certain of the streptococci to produce carbon di-
oxide from peptone and glucose was investigated by Hucker (14). 
No study was made of S. liq1wfaciens, but the related organisms, 
Streptococcus apis' and StTeptococC1~S gracilis, were included. S. 
apis and S. gracilis were both able to produce carbon dioxide 
from peptone, but little or none was produced from glucose. 
Hucker (15) reported that the gelatin liquefying streptococci 
produced a larger percentage of volatile acid than the non-
hemolytic, non-gelatin liquefying types and noted that they were 
the most rapid acid producers of the entire genus. Traces of 
formic acid were found to be present in the volatile acid pro-
duced by S. apis. The three species of gelatin liquefying strep-
tococci studied-So liquefaciens, S. apis and S. gracilis-pro-
duced dextro lactic acid. S. liquefaciens was found to have a far 
greater proteolytic power than the others. In milk cultures this 
organism produced a 70 percent increase in soluble nitrogen over 
the control and a 30 percent increase in amino nitrogen. S. apis 
gave an equally high percentage increase in soluble nitrogen but 
only a 5.5 percent increase in amino nitrogen, while S. gracilis 
did not give as high a percentage increase in either soluble or 
amino nitrogen. 
Of 15 strains of acid-proteolytic streptococci received from 
Gorini, Hucker (16) listed 4 as identical with S. liquefaciens. He 
pointed out that the gelatin liquefying streptococci found in milk 
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constitute a homogeneous group with definite characteristics and 
suggested that the group may represent but a single species. 
In 1928, Frobisher and Denny (6) made a study of M. zymo-
genes with the object of determining its relationship to S. lique-
faciens. Two of the cultures of M. zymogenes studied were iso-
lated from tonsils and two from the female genital tract. An-
other M. zymogenes culture, isolated from feces, was obtained 
from Crowe and a culture of H. liq1wfaciens was obtained from 
the American type culture collection. M. zymogenes was found 
to ferment glucose, lactose, sucrose, glycerol, mannitol and sali-
cin, but not raffinose, starch or inulin. There was little or no 
growth on potato, nitrates were not reduced, and the organism 
would not survive 65 ° C. The pathogenicity for mice and rab-
bits varied. S. liquefaciens was found to be identical in bio-
chemical features with M. zymogenes, but the former showed no 
pathogenicity for mice. The investigators concluded that M. 
zymogenes was either a variety of S. liq1lefaciens or identical 
with it and, in either case, should be classed as a Streptococcus. 
Hammer (7) noted that S. liquefaciens produced considerable 
amounts of lactic acid, the isomeric form being variable as both 
dextro and inactive acids were found. The fact that S. liqne-
faciens is very similar to S. lactis in morphologic and cultural 
characteristics, other than the proteolysis of milk, was empha-
sized. 
Thomson and Thomson (24) reported that StTeptococcus zymo-
genes is identical with S. g1'acilis of Winslow and also "that 
StTeptococcus zymogenes is identical with the StTeptococcus apis 
(Kralx) and the StTeptococcus liqtlefaciens." 
Sherman and Stark (23) found that S. zymogenes resembled 
S. liq1lefaciens in that both reduce litmus before curdling the 
milk, liquefy gelatin and casein, have a final pH of about 4.2, 
grow at 10° and 45 ° C., produce ammonia from peptone, ferment 
glucose, maltose, lactose, sucrose, raffinose, glycerol, mannitol and 
salicin, but do not ferment inulin or starch. They differ in that 
S. zymogenes hemolyzes blood and ferments arabinose while S. 
liquefaciens does not. 
In 1932, Hucker (17) studied agglutination as a means of dif-
ferentiating the species of streptococci. The investigation showed 
S. liqttefaciens and S. apis to be almost identical. Reciprocal ag-
glutinations to the full titre of the serum were obtained with 
serums prepared from each strain. The close relationship be-
tween S. glYgeTinaceus and S. liquefaciens was indicated by the 
fact that the serum of S. liquefaciens agglutinated a typical S. 
glyceTinaceus culture to the complete titre of the serum. 
Torrey and Montu (26) studied the cultural and agglutinative 
relationships of intestinal streptococci and concluded that M. 
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zymogenes is an intestinal type. They noted that the organism 
may produce a beta, alpha or gamma reaction on blood agar 
plates. 
Elser and Thomas (5) reported that S. zymogenes could be 
divided into two groups on the basis of the rate of fermentation 
of lactose in litmus milk cultures. On blood agar plates all of 
the 17 strains of S. zymogenes studied produced a greenish dis-
coloration of the red blood cells. When an attempt was made to 
establish a relationship between S. z'!Jl1wgenes and other strep-
tococci lly serological tests, the results obtained were inconclusive. 
METHODS 
DETECTION OF PROTEOLYTIC BACTERIA ON PLATES 
Proteolyzing bacteria were detected on agar plates through the 
use of skimmilk. When the plates were poured, approximately 
0.5 ml. of sterile skimmilk was added to each plate; beef infusion 
rather than standard agar was employed, as the former was 
found to be more satisfactory for the growth of the acid-pro-
teolytic streptococci. 
VOLATILE ACIDITY 
The volatile acidity was determined by the method used by 
Michaelian and Hammer (20 ) . The results were expressed as 
the milliliters of nj 10 sodium hydroxide required to neutralize 
the first liter of distillate from 250 gm. of culture. 
CARBON DIOXIDE 
The production of carbon dioxide was measured by means of 
Eldredge tubes (4), using 10 ml. of skimmilk in one arm and a 
known amount of n/ 10 barium hydrox'ide in the other arm. The 
back titrations were made with n / 10 hydrochloric acid, using 
phenolphthalein, and the r esults were expressed as the milliliters 
of n/ 10 barium hydroxide neutralized by the carbon dioxide 
formed in 10 ml. of skimmilk. 
ACETYLMETHYLCARBINOL PLUS DIACETYL AND DIACETYL 
Acetylmethylcarbinol plus diacetyl was determined with the 
procedure used by Michaelian and Hammer (20), and the same 
procedure was used for diacetyl except that ferric chloride was 
not added. The results were expressed as milligrams of nickel 
dimethylglyoximate per 200 gm. of culture. 
ACIDITY 
The pH determinations were made electrometrically with the 
. 
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quinhydrone electrode. The acidities were titrated on 9 gm. sam-
ples, using n/l0 sodium hydroxide and phenolphthalein, and 
calculated as the percentage of lactic acid. 
ISOMERIC FORM OF LACTIC ACID 
In studying the isomeric form of lactic acid produced, the 
method described by Hammer (8) was followed. 
HYDROLYSIS OF FAT 
The hydrolysis of fat was investigated by a modified nile-blue 
sulfate procedure (10), and also by using copper sulfate as an 
indicator instead of nile-blue sulfate. 
PROTEIN BREAKDOWN IN SKIMMILK 
Total nitrogen was determined by the Kjeldahl method and 
amino nitrogen by the Van Slyke gasometric method (27). The 
nitrogen was fractionated according to the procedure used by 
Lane and Hammer (18). 
HEMOLYSIS 
Hemolysis was studied by streaking the cultures on plates pre-
pared by adding 0.5 ml. defibrinated rabbit blood or sheep blood 
to each plate before pouring with beef infusion agar. 
EXPERIMENTAL 
ISOLATION OF ACID·PROTEOLYTIC S'TREPTOCOCCI FROM 
DAIRY PRODUCTS 
The original attempts to isolate acid-proteolytic streptococci 
from normal dairy products consisted of plating milk and cream, 
using beef infusion agar plus 0.5 ml. of sterile skimmilk per plate 
with 48 hours incubation at 37° C., and picking promising colon-
ies into litmus milk. With this procedure the organisms wE!re 
obtained only occasionally and always constituted a very small 
percentage of the total flora. Presumably, in some samples that 
failed to yield them, the organisms were diluted out in the plates 
suitable for picking. Proteolyzing micrococci were often present 
and were frequently obtained in the attempts to pick acid-pro-
teolytic streptococci. 
Enrichment procedures were also used. Raw milk and cream 
were incubated at 6° to 7° C. for from one to several days, plated 
and colonies picked. The results indicated that at these tempera-
tures there was no relative increase in the acid-proteolytic strep-
tococci. Tubes of raw milk and cream were sealed with agar to 
limit the air supply, incubated at 21 ° or 37° C. for several days, 
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plated and colonies picked. S. lactis grew rapidly under these 
conditions, and the isolation of the acid-proteolytic streptococci 
was not simplified. 
The heating of milk and cream at 62.5° C. for 30 minutes in 
cotton-stoppered tubes and the plating of the material after incu-
bation for several days at 10°, 21°, 37°, or 45° C. yielded acid-
proteolytic streptococci only occasionally, and was no more satis-
factory as an isolation procedure than the direct plating of mHk 
and cream. Pure cultures of the organisms had been found to 
survive 62.5° C. for 30 minutes, when heated in cotton-stoppered 
tubes. 
Fourteen samples of aseptically drawn milk, obtained from 10 
cows, were plated and colonies picked. No acid-proteolytic strep-
tococci were found. 
Thirty-nine samples of high quality butter were plated in dilu-
tions of 1 :10 and 1 :100, the plates incubated at 37° C. for ap-
proximately 20 hours and proteolyzing colonies, suggesting strep-
tococci, picked. None of the cultures prov:ed to be acid-pro-
teolytic streptococci. In three instances, however, a culture of 
an acid-proteolytic Streptococcus was obtained from a plate 
poured with butter for the purpose of studying the general types 
of bacteria present; in each instance only one culture was ob-
tained from a plate. 
The acid-proteolytic streptococci were frequently isolated from 
various cheeses. The most satisfactory method used was to grind 
about 1 gm. of the cheese with sterile sand and then plate the 
ground cheese in dilutions of 1 :100, 1 :1,000 and 1 :10,000. After 
incubating at 37° C. for 16 to 24 hours, proteolyzing colonies that 
suggested streptococci were picked into tubes of litmus milk. 
With a relatively short incubation of the plates at 37° C., the 
acid-proteolytic streptococci had developed very well, while the 
other organisms ordinarily had not developed to such an extent 
that they interfered with the picking of the desired organisms 
from the heavily seeded 'plates; it was usually necessary to 
use heavily seeded plates because of the relatively small 
numbers in which the acid-proteolytic streptococci were present. 
With longer incubation, the desired organisms were frequently 
so over-shadowed by the other types that they could not be de-
tected. Acid-proteolytic streptococci were obtained from ched-
dar, blue, camembert and brick cheeses but were not found in the 
two samples of swiss cheese examined. 
The method of using a short incubation period at 37° C. and 
heavily seeded plates was fairly satisfactory for obtaining the 
desired organisms from raw milk and cream. It was not possi-
ble, however, to obtain acid-proteolytic streptococci from as large 
a percentage of the samples of raw milk and cream as of cheese. 
228 
SOURCES OF THE CULTURES STUDIED 
The 101 cultures studied were isolated or collected froI)1 various 
sources as shown in table 1. 
Ninety-one cultures were isolated from dairy products. Of the 
65 cultures from cheese, 23 were from Iowa cheddar, 23 from 
Wisconsin cheddar, 3 from New York cheddar, 7 from cheddar 
of unknown origin, 4 from Iowa blue, 3 from camembert of un-
known origin, and 2 from Wisconsin brick. The cheese varied 
widely in age and some of the cheddar was known to be at least 
a year old at the time of the sampling. The 23 cultures isolated 
TABLE 1. SOURCES OF THE CULTURES USED. 
Source Total 
cultures 
ISOLATED FROM: 
Cheddar cheese 56 
Raw milk 19 
Blue cheese 4 
Camembert cheese 3 
Butter 3 
Pasteurized cream 3 
Brick cheese 2 
Raw cream 1 
RECEIVED FROM: 
Iowa State College 
stock cultures 3 
J. M. Sherman, 
Cornell University 3 
M. Frobisher, Jr., 
Johna Hopkins U. 3 
W. C. Frazier, 
U.S. D.A. 
Culture numbers 
16,17, 18, 19,20,21,22,23,24,25,30,31,35,36,37, 
38,39,40,41,42,43,44,52,53,54,55,56,57,60,61. 
62*,73,74,75,76,77,78,82.83,84,85,86,87,88,89, 
90, 91, 92, 94. 95. 96, 97, 98, 99, 100, 101 
1,2,5,7, 11. 12, 13, 14, 15,45,46,47,48.49,50,51. 
79,80,81 
26,27,28,29 
32,33,34 
3,6,63 
8,9,10 
58,59 
4 
64,65,93 
67, 68, 69 (Labeled S. liquelacien. 812, 817 and 827 
respectively) 
70, 71 (Labeled S. zymogenes) and 72 (Labeled S. lique-
laden. No. 799 Am. Type Culture Col.) 
66 (Labeled S. liqueladen.) 
*Culture 62 came from cheddar cheese made from pasteurized mille With the other cheddar 
cheese used for isolations, the type of milk was not definitely known but was undoubtedly raw 
in most cases. 
fr.om milk and cream came from Iow:;L products with the excep-
tion of 2 cultures from Colorado milk. Of the 3 cultures from 
butter, 2 were from Iowa butter and 1 was from Oregon butter. 
The remaining 10 cultures studied were obtained from various 
laboratories. 
GENERAL ACTION OF THE ORGANISMS ON MILK 
The general action of the organisms on litmus milk was a rapid 
coagulation followed by proteolysis. Commonly, the coagulation 
was preceded by a reduction of the .litmus, which was complete 
except at the surface of the milk, but with some cultures reduc-
tion was delayed and was not complete until after coagulation; 
from the standpoint of the reduction of litmus milk, the slow re-
ducing cultures are comparable to S. lac tis var. anoxyphilus (9). 
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For a time after coagulation, rapidly reducing cultures of the 
acid-proteolytic streptococci appeared essentially the same as 
typical cultures of S . lactis. With a relatively young culture of 
the former type, however, the colored band at the surface often 
showed a less definitely acid reaction than with the latter organ-
ism. The slow reducing cultures varied in the time required for 
reduction, and with some of them reduction did not occur until 
proteolysis was very evident. . 
Coagulation was soon followed by proteolysis, which was us-
ually first evident along one side of the tube. It increased in 
extent and the mass of curd became smaller and smaller as it 
contracted from the wall of the tube and from the surface of the 
liquid. The top portion of the curd was definitely red, but the 
lower portion sometimes showed a reduction of the litmus for an 
extended period. The proteolyzed milk did not have an objec-
tionable odor but was very bitter. 
The active proteolysis of milk by the acid-proteolytic strepto-
cocci and the color of the band at the surface of a freshly coagu-
lated milk culture suggest that the coagulation is due to an 
enzyme rather than to the formation of acid. The acidities of 
milk cultures, at the time of coagulation, were studied by inocu-
lating tubes of sterile plain skimmilk, watching them closely for 
coagulation and then titrating and determining the pH as soon as 
coagulation was definite. With the 15 cultures studied, the titra-
table acidities at coagulation ranged from 0.25 to 0.29 percent 
and averaged 0.27 percent, while the pH values ranged from 
6.02 to 5.85 and averaged 5.90; essentially the same results were 
obtained at 21° and 37° C. The data indicate very definitely 
that coagulation was not due to the acid produced, although at 
the time of coag'ulation the acidity was higher than it was origi-
nally. The acidity continued to incI'(3ase until it was essentially 
the same as the acidity of a mature milk culture of S. lactis. 
GENERAL DESCRIPTION OF THE ACID-PROTEOLYTIC 
STREPTOCOCCI 
MORPHOLOGY 
Form: Cocci; longer axis at right angles to plane of division. 
Arrangement: Singly, in pairs and short chains. 
Staining reactions: Stain readily with common stains; gram 
positive. 
Spore.~: Not produced. 
CULTURAL CHARACTERISTICS 
Agar slant: A scanty, dull, filiform, non-viscid, white growth 
on beef infusion agar after 1 to 2 days at 37° C., with the 
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type of growth not changing on extended incubation. 
Aga1' stab: A scanty growth extending along the line of inocu-
lation after 1 to 2 days at 37° C. on beef infusion agar; no 
surface growth. 
Agar colony: White, non-viscid, round colonies with entire 
edge, about 0.5 to 1 mm. in diameter, after 1 to 2 days at 
37° C. on beef infusion agar. Subsurface colonies ova], 
white, non-visGid and smaller than the surface colonies. 
Gelatin stab: Infundibuliform liquefaction changing to strati-
form and becoming complete at 21 ° C. in 7 days or less. 
Beef extract b1'oth: Slight turbidity with sediment. 
Potato: No visible growth. 
Litmus mille: Reduced by some cultures before coagulation 
and by others after coagulation, with a colored band at the 
surface. Coagulation in 18 to 20 hours at 37° C. and in 2 
days at 21 ° C.; proteolysis follows coagulation. 
BIOCHEMICAL FEATURES 
Hyd1-ogen sUlfide: Not produced. 
Nitrates: Not reduced. 
V olatile acid: Produced. 
Lactic acid: d lactic acid or d and i lactic acid produced. 
Acetylmethylca1'binol: Produced, sometimes in relatively 
large amounts, especially at 21 ° C. 
Diacetyl: Not produced. 
Fennenting power: Acid but no gas from galactose, glucose, 
glycerol, lactose, levulose, maltose, mannitol and salicin; 
neither acid nor gas from arabinose, inulin, raffinose and 
starch; acid but no gas from sucrose with some strains 
but not with others. 
Hemolysis: Red cells hemolyzed in approximately 3 days at 
37° C. 
Fat: Natural fats not hydrolyzed. 
Simple t1'iglycerides: Tripropionin and tributyrin hydro-
lyzed by some cultures but not by others. 
pH: The pH in milk cultures after 7 days at 21 ° C. approxi-
mated 4.5. 
GROWTH CONDITIONS 
Oxygen relationship: Organisms facultative; grew well aero-
bically. 
Growth t emperatures: Growth at 10° C., at 45° C. and at 
temperatures in between. 
IDENTITY OF THE CULTURES 
The morphology, cultural characteristics, biochemical features 
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and growth conditions of the acid-proteolytic streptococci isolated 
from dairy products indicate that they are St1'eptococcus liqtte-
faciens Orla-Jensen. The two cultures received with the desig-
nation S. zymogenes also showed characters that identify them 
as S. liquefaciens; these results confirm the conclusion of Fro-
bisher and Denny (6 ) and others that S. zymogenes and S. liqtte-
faciens are the same. 
While the name S. liquefaciens does not have the advantage of 
priority (see Historical), the wide use of this name makes its re-
tention advisable. 
SPECIAL BIOCHEMICAL FEATURES 
Studies on the action of the acid-proteolytic streptococci on 
various media. indicated that the group was fairly homogeneous. 
With the exception of the rate of reduction of litmus milk and 
the fermentation of sucrose, the cultural reactions were identi-
cal. The organisms were then investigated to determine whether 
the same homogeneity existed with reference to the production of 
various products in milk and its derivatives. 
PRODUCTION OF VOLATILE ACID, CARBON DIOXIDE AND 
ACETYLMETHYLCARBINOL IN SKIM MILK 
The production of volatile acid, carbon dioxide and acetyl-
methylcarbinol in skimmilk was studied with all of the cultures, 
using an incubation of 7 days at 21 0 C.; the results obtained are 
given in table 2. 
The volatile acidities produced varied widely with the values 
ranging from 6.1 to 27.9. Of the 101 cultures, 49 gave values 
from 5.1 to 10.0, 26 gave values from 10.1 to 15.0, 9 gave values 
from 15.1 to 20.0, 10 gave values from 20.1 to 25.0, and 7 gave 
values from 25.1 to 30.0. These results indicate that there was 
a gradual variation from the cultures that produced a relatively 
low volatile acidity to those that produced a relatively high vola-
tile acidity, although a relatively low volatile acid production was 
more common than a relatively high one. The amount of volatile 
acid produced was not correlated with the action on sucrose; 
while all of the cultures producing a relatively high volatile 
acidity fermented sucrose, some of those producing a relatively 
low volatile acidity fermented this material and some did not. 
There was no correlation between the amount of volatile acid 
produced and the rapidity of reduction of litmus milk. 
The carbon dioxide values ranged from 2.7 to 8.4. The fol-
lowing summary compares the production of volatile acid and of 
carbon dioxide by the organisms: 
Cultures producing 
volatile acid from 
5.1 to 10.0 
10.1 to 15.0 
15.1 to 20.0 
20.1 to 25.0 
25.1 to 30.0 
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Produced 
carbon dioxide from 
2.7 to 5.5 
2.8 to 5.9 
3.5 to 8.4 
3.9 to 7.6 
4.9 to 7.4 
From the results it is evident that the carbon dioxide produced 
did not vary directly with the volatile acid produced. Although 
there was a tendency for a high carbon dioxide production to ac-
company a high volatile acid production, considerable intergra-
dation existed. 
All of the cultures formed appreciable quantities of acetyl-
methylcarbinol. Trials in which no ferric chloride was added 
to the distillation flask indicated that the organisms did not pro-
duce diacetyl and the odors of cultures never suggested diacetyl. 
Accordingly, the nickel salt was regarded as representing only 
acetylmethylcarbinol. The milligrams of nickel salt equivalent 
to the acetylmethylcarbinol varied widely, ranging from 3.9 to 
71.0. A comparison of. the production of volatile acid and of 
acetylmethylcarbinol is given in the following summary: 
Cultures producing 
volatile acid from 
5.1 to 10.0 
10.1 to 15.0 
15.1 to 20.0 
20.1 to25.0 
25.1 t030.0 
Yielded mg. of 
Ni salt from 
3.9 to 15.5 
4.0 to 18.3 
19.1 to 71.0 
18.5 to 56.2 
17.5 to 55.1 
The acetylmethylcarbinol production did not vary directly with 
the volatile acid production. As was the case with carbon diox-
ide, however, the cultures producing large amounts of volatile 
acid tended to produce large amounts of acetylmethylcarbinol, 
although there was considerable intergradation. 
INFLUENCE OF TEMPERATURE ON THE PRODUCTION OF VOLATILE ACID, 
CARBON DIOxIDE AND ACETYLME'fHYLCARBINOL IN SKIM MILK 
Since the acid-proteolytic streptococci grow much more rap-
idly at 37 0 C. than at 21 0 C., certain of the cultures were investi-
gated to determine the relative amounts of volatile acid, carbon 
dioxide and acetylmethylcarbinol produced at these tempera-
tures. 
VOLNI.'ILE ACID 
The influence of temperature on the formation of volatile acid 
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TABLE 2. PRODUCTION OF VOLATILE ACID, CARBON DIOXIDE 
AND ACETYLMETHYLCARBINOL IN SKIM MILK. 
Cultures incubated 7 days at 21°C. 
mg. Ni salt 
Culture Volatile Carbon equiv. to Culture Volatile 
no. acid* dioxide* amc** per no. acid* 
200 gm. 
1 8.6 3.5 9.8 51 10.8 
2 9.7 3.9 8.0 52 8.3 
3 25.2 7.4 36.3 53 7.6 
4 12 .0 3.1 14.0t 54 12.9 
5 10 .6 4.1 4.0 55 23.6 
6 19 .6 5.7 71.0t 56 22.3 
7 10.4 4.1 10.7 57 22.1 
8 8.4 3.8 9.1 58 6.4 
9 8.9 3.7 7.8 59 6.1 
10 8.3 3.5 7.8 60 9.0 
11 8.9 3.4 9.3 61 8.7 
12 9.9 3.5 9.9 62 7.9 
13 6.9 3.2 6.2 63 17.5 
14 9.4 3.5 11.5t 64 22.4 
15 7.5 3.2 13.4t 65 20.7 
16 7.9 4.1 8.5 66 7.3 
17 11.0 3.0 6.1 67 21.9 
18 9.3 3.2 7.1 68 18.9 
19 9.6 4.1 7.5 69 18.7 
20 8.0 3.3 6.9 70 11.4 
21 10.0 3.5 8.2 71 10.4 
22 10.5 3.5 8.6 72 19.1 
23 10.0 3.4 12 .6 73 11.0 
24 9.1 3.2 6.5 74 16.7 
25 9.1 3.1 9.5 75 11.3 
26 9.4 3.6 7.3 76 13 .7 
27 8.5 3.7 9.4 77 10.7 
28 10.5 3.8 7.8 78 10.4 
29 9.9 3.3 8.1 79 25.4 
30 10.8 3.4 5.2 80 22.5 
31 8.2 3.5 5.5 81 20.9 
32 25.1 6.1 54.4 82 16 .0 
33 27.7 6.8 55. It 83 7.4 
34 25.3 6.7 47.9 84 15.8 
35 11.5 3.8 6.4 85 9.5 
36 10.3 4.1 8.3t 86 14.1 
37 9.6 4.2 5.2 87 25.4 
38 9.7 3.6 6.1 88 22.8 
39 9.0 3.7 5.4 89 9.1 
40 11.8 3.9 7.3 90 12.5 
41 11..5 4.1 5.0 91 22.0 
42 11.7 3.9 9.3 92 17.3 
43 8.6 4.7 6.9 93 8.5 
44 9.8 2.7 6.7 94 27.9 
45 8.3 3.8 8.3 95 9.1 
46 8.4 3.8 9.4 96 10.8 
47 8.1 3.8 9.0 97 12.3 
48 8.6 3.4 8.0 98 8.4 
49 8.4 4.8 6.6 99 9.2 
50 9.9 3.6 8.4 100 8 . 7 
101 10.4 
*The "methods" give the procedure used for the determination. 
**amc =acetylmethylcarbinol. 
t =Determination run after incubating 8 days. 
mg. Ni salt 
Carbon equiv. to 
dioxide* amc** per 
200 gm. 
3.8 10.0 
4.0 10.7 
4.7 9.9 
3.5 12.0 
5.8 23.3 
7.0 21.9 
5.4 56.2 
3.6 6.1 
3.3 5.3 
4.3 9.8 
4.1 9.8 
3.0 9.1 
8.4 66.9 
5.2 53.7t 
6.3 40.5 
3.0 3.9 
7.6 33.5t 
4.9 19.5 
5.4 19.1 
4.0 12 .5 
4.0 8.8 
7.7 47.5 
2.8 13.7 
3.9 26.7 
3.7 16.2 
3.8 12.8 
5.2 13.8 
5.9 11.8 
5.2 25.9 
4.5 18.5 
6.8 38.9 
3.5 26.1 
3.2 11.1 
4.2 31.2 
4.6 8.5 
3.2 10.2 
6.0 18.2 
4.3 49.9 
5.1 13.7 
3.7 15.4 
3.9 45.8 
4.3 39.2 
5.5 9.8 
4.9 17.5 
3.7 7.4 
3.8 15.9 
4.0 18.3 
4.8 13.5 
5.0 13 .5 
3.1 15.5 
3.1 11.0 
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TABLE 3. INFLUENCE OF TEMPERATURE ON THE PRODUCTION OF 
VOLATILE ACID IN SKIMMILK. 
Volatile acid Vola tile acid 
Culture Culture 
no. 3 days at 7 days at no. 3 dal.s at 7 days at 
37°C. 21°C.t 37 C. 21°C.t 
1 5.2 8.6 36 5.1 10.3 
3 11.9 25.2 63 18.0 17.5 
4 5.8 12.0 64 17.7 22.4 
6 6.7 19.6 67 10.6 21.9 
8 5.7 8.4 68 10.1 18 .9 
14 4.5 9.4 69 9.4 18.7 
15 5 . 1 7.5 70 5.6 11.4 
32 10.3 25.1 71 6.6 10.4 
33 12.7 27.7 72 18.2 19.1 
tFiltures taken from table 2. 
was studied by determining the volatile acid production of 18 
cultures after 3 days at 37° C. and after 7 days at 21 ° C.; differ-
ent incubation periods were used because of the slower growth of 
the organisms at 21 ° C. than at 37° C. Table 3 presents the data 
obtained. 
Except for culture 63, the volatile acidities produced in 3 days 
at 37° C. were lower than those produced in 7 days at 21°C., 
although in some cases the differences were small. In general, 
the cultures giving relatively high volatile acidities at 21°C. 
also gave comparatively high values at 37° C., but the ratios be-
tween the yields at the two temperatures varied widely. 
CARBON DIOXIDE 
The effect of temperature on the production of carbon dioxide 
was investigated by comparing, with 8 cultures, the quantities 
TABLE 4. INFLUENCE OF TEMPERATURE ON THE PRODUCTION. OF 
CARBON DIOXIDE IN SKIMMILK. 
Culture 
no. 
2 
4 
6 
14 
17 
34 
39 
64 
tFigures taken from table 2. 
7 dal.s at 
37 C. 
1.3 
1.7 
2.2 
1.8 
2.0 
2.6 
1.5 
2.9 
Carbon dioxide 
7 days at 
21°C.t 
3.9 
3.1 
5.7 
3.5 
3.0 
6.7 
3.7 
5.2 
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produced in 7 days at 37° C. and at 21 ° C. The results obtained 
are given in table 4. 
With each organism the production of carbon dioxide was 
lower at 37° C. than at 21°C. The values obtained at 37° C. 
varied from 1.3 to 2.9, while those obtained at 21 ° C. ranged from 
3.0 to 6.7. 
ACETYLlIIETHYLCARBINOL 
The relationship of temperature to the production of acetyl-
methylcarbinol was studied with each of 20 cultures, as follows: 
Six bottles of skimmilk were inoculated and 4 of the bottles incu-
bated at 37° C., while 2 were held at 21°C.; the acetylmethyl-
carbinol and titratable acidity were usually determined after 1, 
2, 4, and 7 days at 37° C. and after 3 and 7 days at 21 ° C. The 
results obtained are given in table 5. 
The data show that at 37° C. the amount of acetylmethylcarbi-
nol produced was commonly much lower than the amount pro-
TABLE 5. INFLUENCE OF TEMPERATURE ON THE PRODUCTION OF 
ACETYLMETHYLCARBINOL IN SKIM MILK. 
1 day 11- 2- d-a-y-s -II 4 d ays 7 days 
.~ ~ o· .~ ~ o· .~ ~ o· .~ ~ i; 
"0 ~a ~S "0 ~8 "0 
.D 0'0 "OIl g~ ;:- .. 0'0 ;:- .. 0'0 S 
"'" 
... 0> ... 0> "", .0> 
"'" 
" 
;=: ... Eli; ;=: ... Si; ;=: ... 8t;; ;=: ...
" "" "" "" "" 
" 
000. .. 0. 000. .. 0. 000. .. 0. 000. Zs .€~ Zs .€~ Zs >, Zs ~ ;as 
"J "," -co ." ~~ "," ." 
u s.s ~~ SB <z s.s ~~ SS 
1 1.6 1.7 0.5 
3 4.1 3.3 8.5 
4 0.8 4.8 1.9 8.1 3.4 8.3 1. 2t 
6 2.2 5.2 2.8 7.7 2.8 8.4 
8 3.5 3.3 5.5 
14 0 .8 4 .9 1.3 8.1 1.8 8.3 5.8t 
15 1. 7 6.2 1.4 8.0 3.4 8.3 6.7t 
32 7.5 7.5 12 .4 
33 3.9 5.8 2.1 7.8 7.7 7.9 6.4t 
34 1.5 6.0 3.8 7.5 2.2 7.6 6.3 
36 0.8 6.2 1.3 7.6 1.9 8.3 4.1t 
40 0.7 5.9 3.3 7.6 4.1 7.6 6.9 
63 5.5 7.0 3.1 9.3 5.1 9.5 5.5 
64 3.5 5.8 3.3 7 .8 3.9 7 .8 8.5t 
65 2.1 6.5 4.4 7.2 3.2 7 .4 9.6 
66 0 4.3 0.7 7.0 0 7 .5 0.7 
67 2.3 5.9 0 .3 7.2 3.0 8.1 3.5t 
70 1.7 7.3 1.8 8.6 1.9 8.9 4.9 
71 1.9 7.0 1.3 8.3 3.2 8.4 5.7 
72 5.9 6.1 3.5 8.7 5.6 8.9 7.1 
*Figures taken from table 2. 
tDetermination run after incubating 8 d ays. 
o· ~S ;:- .. 
....iCT.l1f 
St;; 
.. 0. 
.€~ 
-co 
~~ 
8.6t 
9.4t 
7.4 
8.9t 
7.5 
9 .0 
7.3 
7.2 
8.9t 
8.5 
8.9 
8.4 
21°C. 
----
3 days 7 days 
* .~ ~ o · .~ ~ o· 
"0 ~S "0 ~s 0'0 z:1:l) 0'0 "OIl 
"'" ... 0> "'" 
.0> 
;=: ... Si; ;=: ... 8:;; 
"" "" 000. •• 0. 000. •. 0. Zs €~ Zs ~S 
." 
-co 
." SB ~~ 5B ~~ 
10 .9 9.8 
30.2 36.3 
5.7 6.2 14.0t 8.9t 
68.0 6.8 71.0t 9.7t 
6.8 9.1 
9.3 6.0 11.5t 9.0t 
7.4 6.7 13.4t 8.6t 
63.7 M.4 
47 . 1 7.0 55. It 9 .4t 
41.4 6.9 47.9 8 . 1 
6.1 6.9 8.3t 8.9t 
5.5 5.8 7.3 7.6 
67.5 7.7 66.9 9 . 9 
53.9 6.2 53.7t 9.0t 
36.8 7 . 0 40.5 8.1 
3.2 6.4 3.9 7 . 6 
19.2 6.4 33.5t 8.9t 
9.7 7.8 12 .5 9 .3 
11. 2 7.5 8.8 9.1 
39.5 7 .3 47.5 9.8 
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duced at 21 0 C. After incubating 7 days at 37 0 C. the amount 
of nickel salt equivalent to the acetylmethylcarbinol produced 
varied from 0.5 to 12.4 mg., while after 7 days at 21 0 C. the 
values obtained varied from 3.9 to 71.0 mg. In general, there 
was an increase in the amount of acetylmethylcarbinol produced 
at either temperature as the period of incubation increased, but 
the cultures that produced large quantities at 21 0 C. yielded 
almost as much after incubating 3 days as after incubating 7 
days. With any of the incubation periods there was no correla-
tion between the titratable acidities and the yields of acetyl-
methylcarbinol of the various cultures. 
INFLUENCE OF ADDED CITRIC ACID ON THE PRODUCTION OF VOLATILE 
ACID AND ACETYLMETHYLCARBINOL IN SKIM MILK 
The influence of the addition of citric acid on the production 
of volatile acid and acetylmethylcarbinol was studied with 39 
cultures; the citric acid was usually added at the time of inocu-
lation, but with 4 cultures the trials were repeated and the acid 
added 24 hours after inoculation. Because of the greater produc-
tion of volatile acid and acetylmethylcarbinol at 21 0 C. than at 
37 0 C., an incubation of 7 days at 21 0 C. was employed. Table 6 
presents the data obtained. 
The addition of citric acid increased the volatile acid produc-
tion of a few of the cultures, but decreased the production of 
most of them, due presumably to the inhibitory effect of the acid. 
When 0.2 percent citric acid was added at the time of inoculation, 
2 of the 31 cultures gave an increased production of volatile acid. 
In one case, the increase was not very large, but with organism 81 
the increase was striking. When 0.4 percent acid was added, 2 
of the 8 cultures used gave an increased production, but one of 
the increases was not significant. With the addition of the acid 
24 hours after inoculation there was apparently less inhibitory 
effect and 3 of the 4 cultures gave an increased production of 
volatile acid, but the increase was significant only with organism 
81. In this instance the volatile acid production was about 
doubled; the culture also gave an increased volatile acid produc-
tion when the acid was added at the time of inoculation. 
The addition of 0.2 percent citric acid at the time of inocula-
tion gave an increased production of acetylmethylcarbinol with 
9 of the 33 cultures used, but the increases were significant with 
only 4 of the cultures; in these cases, however, the increases 
were very large. The four cultures giving the significant in-
creases were the cultures which gave an increased production of 
volatile acid with added citric acid (0.2 or 0.4 percent). When 
citric acid was added 24 hours after inoculation, one of the cul-
237 
tures (organism 81) gave a striking increase in acetylmethyl-
carbinol production; this culture also gave a large increase when 
the citric acid was added at the time of inoculation. 
TABLE 6. INFLUENCE OF ADDED CITRIC ACID ON THE PRODUCTION OF VOL-
ATILE ACID AND ACETYLMETHYLCARBINOL IN SKIM MILK. 
Cultures incubated 7 days at 21°C. 
Skimmilk Skimmilk+ Skimmilk+O.4% 
0.2% added citric acid added citric acid 
Culture 
no. I mg. Ni salt I mg. Ni salt Volatile equiv. to arne Volatile equiv. to arne Volatile 
acid per 200 gm. acid per 200 gm. acid 
Reagent added at time of inoculation 
57 23.0 50.4 30.2 101.6 
59 6.1 4 .7 
60 9.0 5.7 
61 8.7 5.0 
62 7.9 
• 
4.0 
63 17 .5 46.9 74.8 30.4 
66 11.6 6 .5 8.6 3.4 
70 11.4 5.8 
71 10.4 5.5 
72 19 . 1 43.8 89.4 23.4 
73 12 . 9 13.7 11.5 7.2 
74 18.6 26.7 16.8 20.6 
75 13 .2 16 .2 11.0 9 . 0 
76 15.6 12.8 10.2 12.9 
77 12.6 13 .8 8 .5 8 .5 
78 12 . 3 11 .8 10.3 6.3 
79 27.3 25.9 11.1 8 . 0 
80 24.4 18 .5 10.6 5.7 
81 22.8 38.9 36.5 102.0 
82 17.9 26.1 8.9 27.7 
83 9.3 11.1 7.8 11.5 
84 17.7 31.2 11 .5 15.4 
85 11.4 8.5 8.8 9.2 
86 15.0 10 .2 12 . 1 6 .2 
87 27.3 18 .2 14 .6 9.2 
88 24.7 49.9 19.7 52.0 
89 11.0 13.7 10.5 12.6 
90 14.4 15.4 10.7 10.5 
91 23.9 45.8 12 .0 15.2 
92 19.2 39.2 8.8 12 . 4 
93 10.4 9.8 6 .3 6.6 
94 28.0 11.1 10.7 5.1 
95 11.0 7.4 7.0 5 .5 
96 13.6 18.3 11.9 12.4 
97 14 .2 18.3 11.2 13.0 
98 11 .5 13 .8 7 .8 8.2 
99 12 .7 16.1 7.9 9 .3 
100 10.6 6.8 8.6 5.2 
101 12.3 9.2 8.8 4 .3 
Reagent added about 24 hours after inoculation 
79 24.0 25.3 26.5 18.4 
81 22.7 47 .7 45.5 101.1 
83 8.7 9.0 9.7 10.2 
91 18.7 27.9 15.5 19 . 0 
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INFLUENCE OF ACETALDEHYDE ON THE PRODUCTION OF VOLATILE ACID 
AND ACETYLMETHYLCARBINOL IN SKIM MILK 
The effect of acetaldehyde2 on the production of volatile acid 
and acetylmethylcarbinol in skimmilk by the acid-proteolytic 
streptococci was investigated, as follows: Two bottles of skim-
milk were inoculated with each of the cultures to be studied; one 
bottle was held as a control and acetaldehyde was added to the 
other at the rate of 0.15 ml. of aldehyde to 300 ml. of milk, either 
at the time of inoculation or about 24 hours later. Determina-
tions of volatile acid or acetylmethylcarbinol were made after an 
incubation period of 7 days at 21 0 c. 
VOLATILE ACID 
The data obtained on volatile acid production are presented in 
table 7. 
In general, when acetaldehyde was added at the time of inocu-
lation, there was a decrease in volatile acid production. The ex-
tents of the decreases varied considerably. With 3 of the 33 cul-
tures the addition of acetaldehyde resulted in an increase in 
volatile acid, but 2 of the increases were negligible while the third 
was only from 27.3 to 34.3. The acetaldehyde lengthened the time 
required for coagulation of the milk and evidently had an inhibi-
tory effect. When the acetaldehyde was added 24 hours after in-
oculation there was a small decrease in the volatile acid produc-
tion with 2 of the 4 cultures and a small increase with 2. Ap-
parently the acetaldehyde had less of an inhibitory effect when 
added about 24 hours after inoculation than when added at the 
time of inoculation. 
ACETYL1I1ETHYLCARBINOL 
Table 8 presents the results obtained on acetylmethylcarbinol 
production. 
The addition of acetaldehyde at the time of inoculation re-
sulted in a decrease in the yield of acetylmethylcarbinol with 
most of the 24 cultures, but with 6 cultures there was an increase. 
Three of these cultures-34, 65 and 87-gave striking increases, 
while 3-40, 66 and 85-gave relatively small ones. The acetal-
dehyde regularly lengthened the time required for coagulation 
of the milk. When the acetaldehyde was added about 24 hours 
after inoculation, there was an increase in the acetylmethylcar-
binol production with 8 of the 9 cultures. While some of the in-
creases were rather large on a percentage basis, the actual in-
creases were not large. 
2 The acetaldehyde used was obtained from the Eastman Kodak Company. 
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TABLE 7. INFLUENCE OF ACETALDEHYDE ON THE PRODUCTION OF 
VOLATILE ACID I N SKIMMILK. 
0.15 ml. acetaldehyde added per 300 m!. mille Cultures incuhated 7 days at 21°C. 
Culture 
no. 
57 
63 
66 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
79 
81 
83 
91 
Skimmilk 
Volatile acid 
,-S-k-im-m-il-k-+-a-ce-t-a-ld-eh-Y-d-e-
Reagent added at time of inoculation 
23.0 0.0 
22.4 5.5 
11 .6 7.5 
25.0 18 .8 
12 .9 7.9 
18.6 10.3 
13. 2 8.4 
15.6 9.4 
12.6 7.5 
12.3 8.2 
27.3 9.5 
24.4 9.8 
22.8 12.4 
17.9 8 .5 
9.3 6.5 
17.7 9.2 
11.4 7.5 
15.0 7.8 
27 . 3 34.3 
24.7 9.8 
11.0 7.7 
14.4 8.3 
23.9 9.6 
19.2 8.5 
10.4 11.9 
28 .0 23.6 
11 .0 8 .0 
13.6 10.0 
14 .2 10.1 
11.5 9.0 
12.7 10.5 
10.6 8.9 
12.3 13.4 
Reagent added ahout 24 hours after InoculatIOn 
24.0 29 .7 
22.7 26.8 
8.7 8 . 5 
18.7 16.2 
RELATIONSHIP OF TEMPERATURE TO THE INFLUENCE OF ACETALDEHYDE 
ON THE PRODUCTION OF ACETYLMETHYLCARBINOL 
The relationship of temperature to the influence of acetalde-
hyde on the production of acetylmethylcarbinol in skimmilk was 
studied with four cultures that were known to give an increased 
yield of acetylmethylcarbinol when the aldehyde was added. The 
production was compared at 37° and 21° C., the aldehyde being 
added at the time of inoculation and the cultures incubated 7 
days. At either temperature, the aldehyde increased the pro-
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duction of acetylmethylcarbinol, but the increases were much 
larger at 21 0 C. than at 37 0 C. At either temperature, the acidi-
ties developed were much lower in the presence of the acetalde-
hyde than in the controls. 
INFLUENCE OF THE TIME OF ADDITION OF ACETALDEHYDE ON 
THE PRODUCTION OF ACETYLllIETHYLCARBINOL 
The results presented in table 8 suggest that the time at which 
acetaldehyde is added to a culture may influence the yield of 
acetylmethylcarbinol, so two detailed trials were carried out. 
The data obtained are giyen in table 9. 
TABLE 8. INFLUENCE OF ACETALDEHYDE ON THE PRODUCTION OF 
ACETYLMETHYLCARBINOL IN SKIMMILK. 
0.15 m!. acetaldehyde added per 300 m!. milk. Cultures incubated 7 days at 21°C. 
Culture mg. Ni salt equiv. to amc per 200 gm. 
no. I Skimmilk +acetaldehyde Skimmilk 
Reagent added at time of inoculation 
34 47.9 72.6t 
40 7.3 14.7t 
65 40.5 73.1t 
66 3 . 9 5.0t 
73 13.7 12.0 
74 26.7 15.9 
75 16 . 2 12.8 
76 12.8 12.0 
77 13.8 9.8 
78 11.8 10.9 
79 25.9 10.5 
80 18 .5 12.3 
81 38.9 26.7 
82 26.1 10.8 
83 11.1 7.9 
84 31.2 11.0 
85 8.5 10.4 
86 10.2 10.2 
87 18.2 42.4 
88 49.9 14.5 
89 13 . 7 12.4 
90 15.4 11.5 
91 45.8 16.2 
92 39.2 16.8 
Reagent added about 24 hours after inoculation 
93 9.8 15.3 
94 11.1 18.8 
95 7.4 10.3 
96 8 . 3 11.4 
97 18.3 14.8 
98 13.8 18.0 
99 16.1 21.6 
100 6.8 15.5 
101 9.2 11.0 
to. 18 m!. acetaldehyde added per 300 m!. culture. 
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TABLE 9. INFLUENCE OF THE TIME OF ADDITION OF ACETALDEHYDE ON 
THE PRODUCTION OF ACETYLMETHYLCARBINOL IN SKIM MILK. 
Cultures incubated at 21°C. 
mg. Ni salt equiv. to amc per 200 gm. 
Triall, 
culture 33 
A t time acet- 7 days 
aldehyde was after 
added inoculation 
No acetaldehyde added to culture 
No acetaldehyde added to culture 
0.15 m!. t acetaldehyde added at time of inoc. none 
0.15 ml.tacetaldehyde added 8 hrs. after inoe. none 
0.15 m!.t acetaldehyde added 16 hrs. after inoc. none 
0.15 ml'f acetaldehyde added 24 hrs. after inoc. 4.6 0.15 m!. acetaldehyde added 48 hrs. after inoc. 41.1 
0.15 m!. t acetaldehyde added 72 hrs. after inoe. 56.9 
0.1 ml. tacetaldehyde added at time of inoe. 
0.1 m!.tacetaldehyde added 8 hrs. after inoc. 
0.1 m!.tacetaldehyde added 14 hrs. after inoc. 
0.1 m!. taeetaldehyde added 24 hrs. after inoc. 
O.l\ m!.taeetaldehyde added 48 hrs. after inoc. 
0.1 ml.tacetaldehyde added 72 hrs. after inoc. 
tThe amounts of acetaldehyde were used per 300 m!. of milk. 
*Acetaldehyde added 14 hr •. after inoculation. 
65.0 
64.0 
38.7 
55.6 
107 .4 
94.9 
70.1 
71.3 
Tria l 2. 
culture 65 
7 days 
after 
inoculation 
61.2 
76.2 
91.9 
106 . 6* 
84.9 
68.8 
58.8 
85.6 
96.6 
103 . 1 
87.6 
64.9 
67 . 0 
In trial 1, 14 bottles of skimmilk were inoculated with culture 
33, an organism known to produce a large amount of acetyl-
methylcarbinol. Two of the 14 bottles were held as controls for 
7 days at 21 0 C. The remaining 12 bottles were divided into 6 
pairs and acetaldehyde was added to 1 bottle of each pair 
(in the proportion of 0.15 ml. of acetaldehyde to 300 ml. of 
culture) after 0, 8, 16, 24, 48, and 72 hours. At the time of the 
addition of aldehyde, the remaining bottle in each pair (to which 
no aldehyde had been added) was analyzed for acetylmethylcar-
binol. For the final values the total incubation time after the 
cultures were inoculated was 7 days at 21 0 C. The data obtained 
in the trial indicate that there was a definite relationship be-
tween the tfme at which acetaldehyde was added and the yield 
of acetylmethylcarbinol. When the aldehyde was added at the 
time of inoculation or 8 hours after, there was a decrease in the 
production of acetylmethylcarbinol. The highest yield of nickel 
salt (equivalent to acetylmethylcarbinol) per 200 gm. of culture 
was 107.4 mg., and was obtained when acetaldehyde was added 
to the culture 16 hours after inoculation; at this time there was 
no acetylmethylcarbinol present in the control sample analyzed 
when the aldehyde was added. The yield in the culture to which 
acetaldehyde was added 24 hours after inoculation was slightly 
less than the value obtained when the aldehyde was added after 
16 hours; some acetylmethylcarbinol had been formed at the 
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time the aldehyde was added. When the aldehyde was added 
48 or 72 hours after inoculation the yields were somewhat greater 
than the yields obtained in 7 days without the addition of alde-
hyde; considerable acetylmethylcarbinol had been formed, how-
ever, when the aldehyde was added. 
In trial 2, organism 65, also known to produce a large quantity 
of acetylmethylcarbinol in skimmilk, was employed. Two 
amounts of acetaldehyde were added at various times after in-
oculation and the amount of acetylmethylcarbinol present in the 
culture at the time of the addition was not determined. In this 
trial the highest yield of nickel salt (equivalent to the acetyl-
methylcarbinol) was obtained in both series when. the aldehyde 
was added 14 hours after inoculation. When 0.15 ml. of acetal-
dehyde per 300 ml. of milk was added 72 hours after inoculation, 
the yield of nickel salt was slightly less than that obtained from 
the control; when the amount of acetaldehyde added after 72 
hours was decreased to 0.1 ml. , however, the value obtained was 
slightly higher than that of the control. 
EFFECT OF NEUTRALIZING CULTURES ON THE PRODUCTION OF 
ACETYLMETHYLCARBINOL IN SKIM MILK 
When the acetylmethylcarbinol produced by a culture was de-
termined at various periods, there was commonly an increase as 
the time of incubation was extended. These results suggested a 
study of the effect, on the acetylmethylcarbinol production, of 
neutralizing a culture that had coagulated. Trials were carried 
out with cultures 33 and 65, using the following procedure with 
each: About 1,200 ml. of skimmilk were inoculated and incubated 
7 days at 21 0 C.; the culture was then divided into 5 portions 
and the acetylmethylcarbinol determined on 1 portion; 2 of the 
remaining portions were neutralized to 0.16 to 0.19 percent 
acid (calculated as lactic) with sodium hydroxide; after holding 
3 days at 21 0 C., 1 neutralized and 1 unneutralized portion were 
analyzed for the acetylmethylcarbinol present and after 7 days 
at 21 0 C., the remaining portions were analyzed. Table 10 gives 
the data obtained. 
With each unneutralized culture there was only a very slight 
increase in the acetylmethylcarbinol content from 7 to 14 days 
so that the cultures had reached approximately their maximum 
content in 7 days. With each neutralized culture, however, there 
was a small increase in the acetylmethylcarbinol content, the in-
crease over the control being larger with culture 33 than with 
culture 65. There was no evidence of a disappearance of acetyl-
methylcarbinol in either the normal or neutralized cultures. 
'{ 
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TABLE 10. EFFECT OF NEUTRALIZATION ON THE PRODUCTION OF 
ACETYLMETHYLCARBINOL IN SKIMMILK. 
Cultures neutralized after 7 days incubation. 
7 days at 21°C. mg. Ni salt equiv. to arnc per 200 gm. 
Culture 
no. mg. Ni salt Acidity Percent 10 days at 21°C. 14 days at 21°C. 
equiv. to calc. as per- acidity 
amcper200 cent lactic after neu- Neutral- Neutral-
gm. acid tralization ized sample Control ized sample Control 
33 40.4 0.92 0.16 48.1 41.0 52.9 41.4 
65 47.7 0.95 0.19 50.4 48.0 53 . 5 48.6 
EXAMINATION OF SKIM MILK CULTURES FOR 2,3-BUTYLENE GLYCOL 
The production of 2,3-butylene glycol in skimmilk was investi-
gated with five cultures, as follows: Two bottles of skimmilk were 
inoculated with each culture to be examined and incubated at 
21 0 C. After about 7 and 21 days, 2,3-butylene glycol determina-
tions3 were carried out. The results indicated that this com-
pound had not been formed. 
ISOMERIC FORM OF LACTIC ACID PRODUCED IN SKIMMILK 
The isomeric form of lactic acid produced in skimmilk was 
studied by inoculating the organisms in skimmilk, incubating 7 
days at either 37° or 21°C., preparing the zinc salts (8), and 
then drying and analyzing them. The data obtained are given 
in table 11. 
With the cultures grown at 37° C., the percentages of water 
of crystallization in the zinc salts were in close agreement with 
the theoretical for the salts of active lactic acid, and the rota-
tions of the salts were regluarly l so the acid was of the d type. 
The percentages of zinc oxide in the salts agreed with the theoret-
ical for zinc lactate. With the cultures grown at 21°C., the per-
centages of water of crystallization in the salts were variable. 
Some of the values agreed rather closely with the theoretical for 
active acids, while others indicated a mixture of active and 
inactive acids. The rotations of the salts were regularly l so 
that the acid was of the d type, or there was an excess of the 
d type in the mixture. In the two cases in which there were two 
trials on an organism, the agreement between the trials was sat-
isfactory. The percentages of zinc oxide indicated the salts 
were lactates. 
• The 2,3-butylen e glycol determina tions were m a de by C. H. Werkman 
and G . L. Sta hly of the Depa rtment of Bac t eriology, Iowa State College, us-
ing the method sug gested by Brockma n a nd W erkma n (2), 
244 
TABLE 11. ISOMERIC FORM OF LACTIC ACID PRODUCED IN SKIM MILK. 
P ercent of water of crystallization 
in zinc salt* Percent Rotation 
Culture Deter~nation I Deter~nation l ZnO in** of zinc no. Average water-free Bait 
salt 
Incubated at 37°C. 
7 13.05 13.03 13.04 33.47 I 
21 13.07 13.13 13.10 33.42 I 
68 13.32 13.35 13.33 33.50 I 
70 13.24 13.33 13 .28 33.46 I 
71 13 . 02 12.95 12.98 33.37 I 
Incubated at 21°C. 
1 13.77 13.87 13 .82 33.56 I 
3 13.36 13.31 13 .33 33.32 I 
4 15.20 15 .44 15.32 33.84 I 
5 14.69 14.85 14 . 77 33.67 I 
6 14.03 14 .29 14.16 33.67 I 
. 
7 trial a 14 .89 14.74 14 .81 33.59 I 
7 trial b 14.51 14.57 14 .54 33.71 I 
9 15.28 15.20 15 .24 33.63 I 
11 14.27 14.48 14.37 33.68 I 
19 14.40 14.36 14 .38 33.73 I 
21 trial a 15.06 15.09 15 . 07 33.90 1 
21 trial b 14.41 14 .36 14.38 33.69 1 
28 13.44 13 .69 13.56 33.60 1 
30 13.40 13.50 13.45 33.54 I 
68 13 . 18 13.05 13.11 33.52 I 
7!l 13.32 13.28 13.30 33.54 I 
71 13.18 13.24 13.21 33.89 I 
*Theoretical for zinc salts of active lactic acid = 12.88 percent; for zinc salt of inactive 
lactic acid = 18.18 percent. 
**Theoretical for zinc lactate =33.46 percent. 
ACTION ON FAT 
The acid-proteolytic streptococci, like various other cocci 
(both streptococci and micrococci), are greatly inhibited by 
nile-blue sulfate, so the usual nile-blue sulfate technique (10) 
is not adapted to the study of their ability to hydrolyze fat. 
The action of the 101 cultures on fat was studied by inoculat-
ing a loop of each culture as a "spot" on a plate poured with 
beef infusion agar in which fat had been dispersed as small 
globules. After incubating at 21 0 c. for 4 to 6 days, the 
plates were flooded with saturated aqueous copper sulfate 
solution for 10 minutes and rinsed with distilled water. None 
of the cultures, with either butterfat or cottonseed oil in the 
medium, changed any of the globules so that they took on a 
blue color, as is the case when hydrolysis occurs. Tests with 
cultures of bacteria capable of splitting fat showed the ex-
pected blue color in the fat globules. 
\ 
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Fifteen of the cultures were" spotted" on beef infusion agar 
plates containing dispersed butterfat. The plates were incu-
bated 4 days at 21 0 C., flooded for 30 minutes with an aqueous 
solution of nile-blue sulfate, of an approximate strength of 1 to 
1,500, and rinsed with distilled water. All of the globules in 
the plates took on a pink color, indicating that the organisms 
had not attacked the fat, while globules near the colonies of lipo-
lytic bacteria, used as controls, were stained blue. 
Each of the 101 cultures was studied for its ability to hy-
drolyze tripropionin and tributyrin by "spotting" the organ-
isms on plates poured w}th beef infusion agar in which tripro-
pionin or tributyrin had been dispersed. Since the products of 
the hydrolysis of either of these simple triglycerides are soluble 
in the agar, hydrolysis is indicated by the disappearance of the 
globules near a colony. Sixty-four of the cultures evidently 
hydrolyzed both tripropionin and tributyrin; there was con-
siderable variation in the activity of the cultures, as judged by 
the areas around the colonies from which the globules had dis-
appeared, but hydrolysis was never extensive. Seven of the 
cultures did not hydrolyze either of the compounds and the re-
maining 30 hydrolyzed one or the other, 24 hydrolyzing only 
tripropionin and 6 hydrolyzing only tributyrin. 
PROTEIN BREAKDOWN IN MILK 
The protein breakdown in skimmilk was studied with four rep-
resentative cultures. Milk, in approximately 200 ml. portions, 
was sterilized in pint bottles after the weight of each bottle 
and its contents had been recorded. Several bottles were then 
inoculated with each culture to be studied and incubated at 37 0 
or 21 0 C. Analyses were made on serum from each culture after 
various incubation periods. The serum from a culture was re-
covered by bringing the weight to the original with distilled 
water, adding 3 ml. of glacial acetic acid and heating in boiling 
water with frequent agitation. The culture was then cooled 
and filtered through paper. The following determinations were 
made on the serum: Total nitrogen, amino nitrogen, and the 
nitrogen soluble and insoluble in trichloracetic acid, ethyl 
alcohol or phosphotungstic acid. The values were expressed 
as the milliliters of n/ 10 acid equivalent to the nitrogen in 5 ml. 
of serum. The results obtained are given in table 12. 
The data show that the organisms greatly increased the solu-
ble nitrogen in the serum of the milk. In general, the degree of 
proteolysis did not vary significantly with the different cul-
tures. With cultures 6 and 20, which were studied at more fre-
quent intervals than the others, the proteolysis was largely com-
Cul- Incu-
ture bation 
no. time, 
(days) 
Check 0 
2 14 
63 14 
Check 14 
2 14 
2 28 
63 14 
63 28 
Check 28 
Check 0 
6 2 
6 5 
6 14 
6 28 
20 2 
20 5 
20 14 
20 28 
Check 28 
6 5 
6 28 
20 5 
20 28 
Check 28 
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TABLE 12. PROTEIN BREAKDOWN IN MILK. 
ml. 0.1 normal acid equivalent to nitrogen of 5 ce. serum 
Total 
nitrogen 
l.9 
13.1 
13.4 
l.8 
11.2 
11.6 
11.S 
12.3 
l.7 
l.9 
1l.1 
11.4 
11.6 
11.5 
11.9 
12.5 
12.7 
12 .9 
2.0 
10.6 
12.0 
8.8 
1l.4 
l.9 
Nitrogen fractionated into sol. and insol. portions with 
Trichloracetic Ethyl 
acid alcohol 
---s;;L1~ ---s;;L1~ 
l.4 
12.6 
13 . 0 
l.7 
10.9 
1l.3 
11.3 
12.0 
l.6 
l.6 
11.0 
11.1 
11.2 
1l.3 
1l.9 
12.2 
12 . 3 
12 .4 
l.5 
10.2 
1l.6 
8.7 
10 .9 
l.5 
Trial I 
Incubated at 37°C. 
0.3 0.9 
0.4 9.3 
0 . 4 9.4 
0.4 l.0 
Incubated at 21°C. 
0.5 7.4 
0.4 8.0 
0 .3 8.6 
0.4 8.6 
0.2 0.8 
Trial II 
Incubated at 37°C. 
0.4 0 .9 
0.3 7.6 
0.3 8.1 
0.5 7.8 
0.5 7 .4 
0.3 8.0 
0 .3 8.5 
0.4 8.4 
0.6 8.5 
0.4 0.9 
Incubated at 21°C. 
0.4 7 .5 
0. 5 8.1 
0.3 6.2 
0.5 7.6 
0.4 0 .9 
l.1 
3.9 
4.0 
l.0 
3.8 
3.8 
3.3 
3.6 
l.0 
l.2 
3.5 
3.5 
3.8 
4.2 
3.8 
4.0 
4.1 
4.6 
l.1 
3.0 
3.8 
2.6 
3.7 
l.0 
Phosphotung-
stic acid 
---s;;L1 Insol. 
0.9 l.1 
3.5 9.7 
3.3 10.0 
0.8 l.0 
2.9 8.3 
2.9 8.6 
3.0 8.8 
3.3 9.1 
0.7 l.0 
0 .8 l.2 
2.6 8.4 
2.6 8.8 
2.6 9.2 
2.5 9.1 
2.7 9.2 
3.0 9.2 
3.4 9.3 
3.6 9.5 
l.0 l.2 
2.7 8.2 
3.2 8.8 
2.1 7.0 
3.0 8.4 
0.9 l.2 
mg. 
amino 
nitro-
gen in 
5 ce. 
serum 
0.21 
2.29 
2.40 
0.24 
2.02 
2.10 
2.18 
2.19 
0.19 
0.19 
l. 76 
l.81 
2.09 
2.05 
2.04 
2.22 
2.55 
2.61 
0.16 
l. 57 
2.13 
l.21 
2.02 
0.21 
plete after 2 days at 37° C. and was extensive after 5 days at 
21 ° C. After 14 days cultures 2 and 63 showed slightly more 
proteolysis at 37° C. than at 21 ° C., while after 28 days culture 
6 showed slightly less proteolysis at 37° C. than at 21°C. while 
culture 20 showed slightly more. 
The distribution of the nitrogen in the various fractions was 
essentially the same with the different organisms and with the 
different incubation temperatures. The amino nitrogen was sig-
nificantly increased by the organisms as were the fractions solu-
ble and insoluble in the various reagents, with the exception of 
the fraction insoluble in trichloracetic acid in which no increase 
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would be expected. There was little change in the various frac-
tions with the different incubation periods. 
A summary of the effects of the four cultures on the amounts 
and percentages of nitrogen in the various fractions after ex-
tensive growth of the organisms in milk is given in table 13. 
The data show that essentially the same percentage distribu-
tion of the nitrogen was obtained with one organism as with 
another, and that the temperature had no significant influence 
on the distribution. The largest fraction was regularly the one 
soluble in ethyl alcohol but not in phosphotungstic acid, while 
the next largest was the fraction soluble in trichloracetic acid 
but not in ethyl alcohol. There was also considerable nitrogen 
soluble in phosphotungstic acid but not amino nitrogen, while 
the amino nitrogen and nitrogen insoluble in trichloracetic acid 
were present in only small amounts. · 
GENERAL RESISTANCE OF THE ORGANISMS 
VIABILITY OF THE ACID-PROTEOLYTIC STREPTOCOCCI IN CULTURE 
MEDIA 
The acid-proteolytic streptococci lived in cultures for much 
longer periods than S. lactis. Litmus milk cultures of several 
TABLE 13. AMOUNTS AND PERCENTAGES OF VARIOUS FORMS 
OF NITROGEN IN SERUM. 
f:; I f:; I fu~; I fu~~ 
2 63 6 20 
-------- Various fractions of nitrogen 
ml. of 0.1 normal acid in serum 
equivalent to nitrogen frac-
tions of 5 ce. serum 
Incubated 14 or 28 days at 37°C. 
14 days 28 days 
------
.65 .68 . 58 .74 Amino nitrogen 
2.85 2.62 1.92 2.86 
N. soluble in phosphotungstic acid 
but not amino N. 
N. soluble in ethyl alcohol but not 
5.8 6.1 4.9 4.9 in phosphotungstic acid 
N. soluble in trichloracetic acid 
3 .3 3.6 3.9 3.9 but not ethyl alcohol 
.4 .4 .5 .6 N. insoluble in trichloracetic acid 
13 .0 13.4 11 . 8 13 .0 Total N. 
Incubated 28 days at 21°C. 
. 60 .62 .59 . 58 Amino nitrogen 
N. soluble in phosphotungstic acid 
2.3 2.68 2 .61 2.42 but not amino N. 
5.1 5.3 4.9 4.6 
N. soluble in ethyl alcohol but not 
in phosphotungstic acid 
N. soluble in trichloracetic acid 
3.3 3.4 3.5 3.3 but not ethyl alcohol 
.4 .4 .5 .5 N. insoluble in trichloracetic acid 
11.7 12.4 12.1 11.4 Total N. 
CUI-I Cul- I Cul- I Cul-ture ture ture ture 
2 63 6 20 
--------
Percentage of total 
nitrogen made up of 
various fractions 
14 ~ays 28 days 
----
5.0 5.1 4 .9 5 .7 
21.9 19 .6 16.3 22 .0 
44.6 45 .5 41.5 37.8 
25.4 26.9 33.1 30 .0 
3.1 3.0 4 .2 4.6 
5.1 5.0 4 .9 5.1 
19 .7 21.6 21.6 21.2 
43.6 42.7 40.5 40.4 
28.2 27 . 4 28 .9 28 .9 
3.4 3 .2 4 . 1 4.4 
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strains were held at 37° C. and were viable for approximately 
18 days, while at 21°C. the same strains lived about 45 days. 
At about 5° C. the organisms lived for extended periods, both 
in litmus milk and on beef infusion agar; when litmus milk 
was inoculated from a culture held about 2.5 years at this tem-
perature, it was curdled within 24 hours at 37° C. 
RESIS'rANCE TO HEAT 
The heat resistance of the acid-proteolytic streptococci was 
determined in the following manner: Strains 1, 6, 16, 20, 23 
and 70, representing the various types from the standpoint of 
rate of reduction of litmus, action on sucrose and amount of 
acetylmethylcarbinol produced, were used; 0.1 ml. of a I-day 
and of a 6-day culture of. each strain, grown at 21°C., was 
placed in 10 ml. of milk and 2 ml. of each suspension were 
placed in a series of agglutination tubes; the tubes were then 
sealed and exposed in a water bath for various periods at the 
desired temperature. 
At 61.7° C. all of the cultures survived an exposure of 20 min-
utes and all except the I-day and the 6-day cultures of strain 
70 survived a 50 minute exposure. At 65.6° C. all except the 
I-day culture of strain 70 survived a 5-minute exposure. After 
40 minutes at 65.6° C., however, all of the cultures were killed. 
DISCUSSION 
The data presented indicate that the acid-proteolytic strep-
tococci which were isolated from dairy products represent a 
rather homogeneous group. From the standpoint of the gen-
eral characters studied, the variations that occurred were in the 
rapidity of reduction of litmus milk and in the fermentation of 
sucrose; the former variation is comparable to one of the varia-
tions found with S. lactis and is additional evidence of a rela-
tionship between the acid-proteolytic streptococci and the S. Zac-
tis group. The identity of the acid-proteolytic streptococci with S. 
liquefaciens appears to be clearly established. 
S. liqt~efaciens is evidently widely distributed in dairy prod-
ucts, but in normal materials is ordinarily not found in large 
numbers. Since this organism has been isolated from such a 
variety of sources by various investigators, it is evidently widely 
distributed in nature and there is no reason to regard it as pri-
marily present in dairy products. 
S. liquefaciens is important in dairy products because of its 
ability to form lactic acid (either d or d and i) and various pro-
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tein degradation products. The protein decomposition yields 
compounds of varying complexities and, presumably, the differ-
ent compounds are important under different conditions. In 
at least some instances, the more complex compounds may be 
responsible for bitterness. The less complex compounds may be de-
sirable in cheddar cheese and the frequent presence of 'the or-
ganism in cheddar cheese suggests that it plays a role in the 
ripening. In large numbers, the organism undoubtedly would 
be definitely objectionable. 
In addition to the production of volatile acid and carbon 
dioxide, as previously noted by Hucker (14) (15), all of the 101 
cultures studied formed appreciable quantities of acetylmethyl-
carbinol in milk. With a majority of the cultures the amount 
produced was rather small, but with a few it was comparatively 
large. Since the few cultures studied in detail neither oxidized 
the acetylmethylcarbinol to diacetyl nor reduced it to 2,3-buty-
lene glycol, the compound is evidently an end product. The in-
creased production of volatile acid and acetylmethylcarbinol 
with a few of the cultures, when citric acid was added to milk 
in which the organisms were growing, indicates that there are 
citric acid-fermenting organisms among the acid-proteolytic 
streptococci, just as there are among other groups of bacteria. 
Added acetaldehyde gave an increased production of acetyl-
methylcarbinol with a few cultures, but no increase in volatile ' 
acid; there was no correlation, however, between the utilization 
of acetaldehyde and the fermentation of citric acid. 
Although certain of the 101 cultures studied hydrolyzed 
tripropionin, tributyrin or both, none of them was able to at-
tack cottonseed oil or butterfat. Therefore, the species is con-
sidered to be non-lipolytic. 
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